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6 4 [6] .
(a) C 4 $+$ $- \frac{1}{2}\mathrm{O}_{2}$ $arrow$ CO $+$ $2\mathrm{H}_{2}$
(b) CH4 $+$ H20 $arrow$ CO $+$ $3\mathrm{H}_{2}$
(c) $\mathrm{H}_{2}$ $+$ $\frac{1}{2}\mathrm{O}_{2}$ $=$ H20
(d) CO $+$ H20 $=$ CO2 $+$ H2
(a) , – . (b)
, – . (C) ,
, . (d) –
, . 6 4 ,
. (C) (d) . (a)\sim (d) ,
(Arrhenius) .
$\Omega_{\mathrm{a}}$ $=$ $A_{\mathrm{a}}\exp(-E_{\mathrm{a}}/R^{0}T)[\mathrm{C}\mathrm{H}_{4}]^{1/2}[\mathrm{O}_{2}]^{5/4}$ , (1)




$A_{\mathrm{c},\mathrm{w}1}\exp(-E_{\mathrm{c},\mathrm{w}1}/R^{0}T)[\mathrm{H}_{2}]^{1/4}[\mathrm{O}_{2}]^{3/2}T^{-1}$ , $([\mathrm{H}_{2}\mathrm{O}]\leq 10^{-6}\mathrm{k}\mathrm{m}\mathrm{o}1/\mathrm{m}^{3})$ ,
$\Omega_{\mathrm{d}}$ $=$ $A_{\mathrm{d}}\exp(-E_{\mathrm{d}}/R^{0}T)[\mathrm{C}\mathrm{O}][\mathrm{H}_{2}\mathrm{O}]$ . (4)
, [A] A , $R^{0}=8314\mathrm{J}/\mathrm{k}\mathrm{m}\mathrm{o}\mathrm{l}\cdot \mathrm{K}$ – .
$A_{j}$ $(j=\mathrm{a}, \mathrm{b}, \mathrm{c}, \mathrm{d})$ , $i$ ,
1 .
6 ( $\mathrm{C}\mathrm{H}_{4}$ , O2, H2, H20, $\mathrm{C}\mathrm{O},$ $\mathrm{C}\mathrm{O}_{2}$ ) (N2)
i , $i$ $W_{1}$ , (Lewis number) Le: , 2
. , .
$i$




$\frac{\text{ }R\text{ _{}\grave{\mathrm{b}}}\Gamma\backslash \text{ }A_{j}E_{j}(\mathrm{J}/\mathrm{k}\mathrm{m}\mathrm{o}1)}{(\mathrm{a})4.4\cross 10^{11}1.26\cross 10^{8}}$
(b) $3.0\cross 10^{8}$ $1.26\cross 10^{8}$
(c)Water Rich $2.5\cross 10^{16}$ $1.67\cross 10^{8}$
Water Lean $6.8\cross 10^{15}$ $1.67\cross 10^{8}$
(d) $2.7\bm{5}\cross 10^{9}$ $8.38\cross 10^{8}$
$i$ . $i$ $c_{p_{1}}$: $h_{i}$ , $T$
, CHEMKINI . ,
$)$ $= \sum_{i}\mathrm{Y}_{i}c_{\mathrm{p},i},$ $\overline{h}=\sum_{i}Y_{1}h_{i}$ .
2: .
$=l\mathrm{b}\text{ }\mathrm{C}\mathrm{H}_{4}\mathrm{O}_{2}\mathrm{H}_{2}\mathrm{H}_{2}\mathrm{O}\mathrm{C}\mathrm{O}\mathrm{C}\mathrm{O}_{2}\mathrm{N}_{2}W_{i}^{\backslash }163221828442\mathit{8}$
$Le_{i}$ 0.97 1.11 0.30 0.83 1.10 139 100
2.2
. , , (Soret) (Dufour)
. , \rho
$u$ . $T$ $i$ $\mathrm{Y}_{i}$ [7].
$\frac{\partial\rho}{\partial t}+\nabla\cdot(\rho \mathrm{u})=0$ , (5)
$\frac{\partial(\rho u)}{\partial t}+\nabla\cdot(\rho \mathrm{u}u)=-\nabla p.+\nabla\cdot\tau$ , (6)
$\frac{\partial(\rho T)}{\partial t}+\nabla\cdot(\rho u\tau)-=^{\nabla\cdot(\lambda\nabla T)Q}c_{p}c_{p}11==$, (7)
$\frac{\partial(\rho \mathrm{Y}_{i})}{\partial t}+\nabla\cdot(\rho u\mathrm{Y}_{i})-\nabla\cdot(\rho D_{\mathfrak{i}}\nabla \mathrm{Y}_{i})=\omega_{i}$ . (8)
, $\tau=\mu[\nabla u+(\nabla u)^{T}-(2/3)(\nabla\cdot u)I]$ , $\mu$ , $I$
$T_{\rfloor}$ . p
$p= \rho tT\sum_{i}\mathrm{Y}_{i}/W_{2}\text{ }$ . \mbox{\boldmath $\lambda$} , $Q=- \sum_{i}h_{i}\omega_{1}\text{ }$ , D,
i . , , Smooke $et$
al.[8] \mbox{\boldmath $\lambda$}/ $=A(T/T_{0})^{0.7},$ $\rho D_{i}=Le_{i}^{-1}\lambda/\overline{c_{p}}$ , \mu =Pr\mbox{\boldmath $\lambda$}/ .
, $T_{0}=298.15\mathrm{K}$ , $A$ $A=2.58\cross 10^{-5}\mathrm{k}\mathrm{g}/\mathrm{m}\cdot\sec$ ,
$Pr=0.75$ .













. , 1 ( 1 –
) , $p_{0}=\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{m}$ ( $1.013$ $\mathrm{x}10^{5}$ Pa) $T_{0}$
$(Y_{O_{2},0}=0.232, Y_{\mathrm{N}_{2},\mathit{0}}= 0.768)$ $(Y\mathrm{c}\mathrm{H}_{4},0=1)$ ,
$T_{1}=2000\mathrm{K}$ .
(5) $-(\mathit{8})$ , $5.0\cross 10^{-3}\sec$ 1
2 . ,
1 ,
. , l(b) , x ,
$L_{x}=10^{-2}\mathrm{m}$ , $y$ , $L_{\mathrm{y}}=2\cross 10^{-2}\mathrm{m}$
. x , y .
2 1(b) –
2 .
, $\alpha$ $\alpha=0^{\mathrm{o}}$ 22 $.5^{\mathrm{o}}$ $1\mathit{8}0^{\mathrm{o}}$ 8
. , x ,
, :
$u_{x,\epsilon}$ $=$ $-F_{s}(x,y)A_{s}\sin\alpha(x\cos(-\alpha)-y\sin(-\alpha))$ , (9)
$u_{y,\epsilon}$ $=$ $+F_{s}(x, y)A_{\mathit{8}}\sin\alpha(x\sin(-\alpha)+y\mathrm{c}o\mathrm{s}(-\alpha))$ . (10)








. – – ,
– .
, 6 , 4
(Runge-Kutta method) . , $x$ $y$ $2\cross 10^{-6}\mathrm{m}$ ,
(CFL condition)
$(\Delta t\approx 2\cross 10^{-\epsilon_{\sec}})$ . $c$ $c=\sqrt{\kappa p}/\rho$ . ,
$\kappa=_{\mathit{5}}/$($\text{ }$ -R) , R=RO\Sigma iYi/Wi . , x
88
, $y$ (NSCBC,
Navier-Stokes characteristic boundary conditions) .
(a) (b)






( 2). , $Z$
$0$ , 1 . – ,
q 2 , , $Z_{\mathrm{s}\mathrm{t}}=$
$(\mathrm{Y}\mathrm{o}_{2},0/W_{\mathrm{O}_{2}})/(2\mathrm{Y}_{\mathrm{C}\mathrm{H}_{4},0}/W_{\mathrm{C}\mathrm{H}_{4}}+\mathrm{Y}_{\mathrm{O}_{2},0}/W_{O_{2}})$ , $Z_{\mathrm{s}\mathrm{t}}\approx 0.055$ .
, ,
(Burke-Schumann’s solution) .
– , $Le_{j}$ 1
. 2(a) Z









2: . (a) ( ), (b)
, (c) , (d) .
, Z>4t . ,
$\mathrm{H}_{2}\mathrm{O}$ (b) (d) , .
2(d) . , . ,
Peters (2000)[9] .
, . 2(b)
. Z\leq Ol ,
$(\mathrm{Y}_{\mathrm{C}\mathrm{H}_{4}}, \mathrm{Y}_{\mathrm{O}_{2}}, \mathrm{Y}_{\mathrm{H}_{2}\mathrm{O}})$ , $(\mathrm{Y}_{\mathrm{H}_{2}})$
. t . $Z=0$
, $Z_{\mathrm{s}\mathrm{t}}$ , $Z>Z_{\mathrm{s}\mathrm{t}}$
. 1 , $Z>Z_{\mathrm{s}\mathrm{t}}$
.
$(Z_{\mathrm{e}\mathrm{t}})$ – ( $2(\mathrm{c})$). , 2(c)
, , (Zst) , (Z<Z8t)
, $Z=0.05$ . (a) (b)
$Z\geq Z_{\mathrm{s}\mathrm{t}}$ , (a) (b) $Z<Z_{\mathrm{s}\mathrm{t}}$
.
(\Omega a’ $\Omega_{\mathrm{b}},$ $\Omega_{\mathrm{c}}$ , \Omega d) . 2(d)
, (a) (b) $Z>Z_{\mathrm{s}\mathrm{t}}$ , \Omega
$Z\sim 0.062$ . $\mathrm{H}_{2}\mathrm{O}$ (d) $\Omega_{\mathrm{d}}$ .
, (C) \Omega Z\sim 005 ,
90











. , {sij}\equiv {\partial uj/ }
:





. , 2 , $\lambda_{1}>0,$ $\lambda_{2}=0$ ,
\mbox{\boldmath $\lambda$}3<0 . Z ,
$(e\mathrm{a})$ $\theta_{3,\nabla Z}=\cos^{-1}(e_{3}/|e_{3}|\cdot\nabla Z/|\nabla Z|)$ ,
, ( 3).
$\alpha$ ( 1(b) ) $\alpha=0^{\mathrm{o}}$ 22 $.5^{\mathrm{o}}$
1575o 8 . 8
$\theta_{3,\nabla Z}=\cos^{-1}(e_{3}/|e_{3}|\cdot\nabla Z/|\nabla Z|)$
2 . – .
91
4 . 4(a) 4(h) , (13)
, (i) (vi) ,
40\mu sec . , l(b) 25mm
. 4(a) \alpha =0 $\circ$ ,
, . , 4(b)
4(h) , $\alpha=225^{\text{ }}$ $\alpha$ 225 .
, 3 $e_{3}$ ( )
$\text{ }\theta_{3,\nabla z\text{ }}$ , Q .
, \alpha , \theta 3,\nabla z 45 $\circ$ ,
, , 45 $\circ$ , . \theta 3,\nabla z
, , - , ,
. , ,
. \theta 3,\nabla Z 90$\circ$ ,
, ,
.
, $\alpha$ $45^{\mathrm{o}}$ 4(c)
. 4(c) (vi) t=200\mu sec
$\lambda_{p}$ $\lambda_{n}$ $\theta_{3,\nabla Z}$ 5(a) . , $\theta_{3,\nabla Z}$
45 ,
, 45 $\circ$ ,
. – , ,
$I_{\mathrm{H}_{2}}=-\nabla\cdot(\rho uY_{\mathrm{H}_{2}})$ , $J_{\mathrm{H}_{2}}=\nabla\cdot(\rho D_{\mathrm{H}_{2}}\nabla \mathrm{Y}_{\mathrm{H}_{2}})$,
$\omega_{\mathrm{H}_{2}}$ 5(b) 5(c) .
, $\partial\rho \mathrm{Y}_{\mathrm{H}_{2}}/\partial \mathrm{t}=\mathrm{I}_{\mathrm{H}_{2}}+\mathrm{J}_{\mathrm{H}_{2}}+\omega_{\mathrm{H}_{2}}$ . 5(b) , 3
IH2 , , 5(c) ,
$I_{\mathrm{H}_{2}}$ , $J_{\mathrm{H}_{2}}+\omega_{\mathrm{H}_{2}}$ ,





, , $\alpha$ $0^{\mathrm{o}}<\alpha<90^{\mathrm{o}}$ .
1 4 , $\alpha$ ,
. , $\alpha=67.5^{\mathrm{o}}$ ( 4(d))





, 6 4 .
, ,
92
(a) $\alpha=0$ (b) $\alpha=22.5^{\mathrm{o}}$
(c) $\alpha=45.0^{\mathrm{O}}$ (d) $\alpha=67.5^{\mathrm{o}}$
13.8
13.8










5: 4(c) $t=200\mu\sec[(\mathrm{v}\mathrm{i})]$ , (a)
, $(\mathrm{b})-(\mathrm{c})$ .
, , Z=005
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